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Three Geometrically Similar Engines are inetalled in Sloan Leboratory 
for the purpose of investigating the effect of sise on engine characteristics 
and perfornrance. 


A theory has been formuleted, which states that in similer engines 
operating at the same piston apesed, if the ratio of oi] viscosity to bore 
(characteristic dimension) is the same for all engines, then IMEP, FMEP, BUMP, 
and indicated therval efficiency will be the same, 


Previous investigative work on the 0S engines has reaulted in poor 
corroistion of PreP firing and but slightly better corrolation in FrS! in 
the motoring condition. 


The purpose of this thesis wae to motor the engines in several stages 
of assembly, to systematically determine the mechanical friction contribution 
of each engine part. These results were then compared for the three engines 
in an effort to determine the source of disagreement. 


This work finda that within the limite of experimental acourasy the 
motoring PEP ard MHP do conform to theory. The data collected on the 
ewallest of the three engines is at wariance vith thet previouely obtained, 
and essentially resolves the past disagreement with G52 theory. 


The presence of a contact type rubber ofl] seal may contribute ae much 
a9 20% of the total friction meen effective pressure motoring in the come 
pletely assembled condition. 


It is recommended that more firing deta be colleeted to sheck previsus 


information on firing FPEP and that the contact type ofl] seale be replaced 
with non-contact seals, 
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Absolute Viscosity 

Displacement Volume 

Qomplete Sngine fe inlet or Exhaust Pipes 
Complete 26" Engine = Shaft O11 Seal Removed 
Grankshaft, Rod, and Meton 


Sranksheaft, Red, and Pieton = Before Alterstions 2%" Engine 
Grankshaft and Idler. 
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Three geometrically similar interral combustion engines, designed and 
constructed under the supervision of the Autemotive Division of the Mechanical 
Engineering Dep't of the “aceachusetts Inetitute of Technology were inetelled 
in Sloan Leboratory during 1947. ‘These engines were built primarily for laboratory 
investigation of theoretices1 similitude relations comerning piston enrines, 

The establishment of a general geometrically siwiler engine theory offers attraste 
ive poseibilities in developing a basis for ratioml ongine design, as contrasted 
to wholly empiriosl engine design, [+t could elas permit of wider application of 
use of model or small scale engines in determining characteriaties of large 
machines. 

GSS Theory states that in G.5, engines cperating et the same piston speod, 
IMEP, PREP and MVEP muet he the seme for all engines, if the ratio of absolute 
oil viscosity to « characteristic dimension is the same for all engines (5). 

The only previous work which has been accomplished on these engines was 
thet of Geboury et al (1), Breed and Gowdrey (2), Lobdell and Clark (3), ant 
Mikel and MoSwiney (4). The thesis by Gaboury et al indicated that IMBP in 
the three engines operating st the sano platon speed conforazed quite ¢losely 
to predicted results. However the measured 2iP did not agree with theory due 
te variations in FBP. Gaboury's work included both firing and motoring runs 
and showed somewhet better agreement in the motoring condition than when Piring. 

The purpose of thie investigetion ia to determine the mechanical friction 
sontribution of the major components of each engine to the PEP in motoring 
condition. It was hoped that such data might provide an understanding of the 
reason for the variation of PMEP between the three engines. Also it vould serve 


te check previous work. 
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The three engines under discussion are single cylinder, four stroke, 
spark ignition machines of 2$, 4, and 6 inch bore. All engine dimensions 
and accessory equipment are proportioned in the same ratio as the bores (5). 
Dynamometers on the 2¢ and aix inch engires are at the alterneting current 
drive type with Dyrematic magnetic speed cortrel elutchee, The 4 inch 
engine is equipped with a conventional direet current dynamometer, All 
nachines are equipped with a sensitive hydraulic torque seasuring device 
(7)+ Sach engine is installed in an individual test cell mounted on a 
Spring-supported bed plate complete with inlet surge tank, vaperizing tank 
and exhaust surge tank. Gooling water(is circulated by a separate pump, 
and temperature controlled through a steam jacketed heat exchanger. A 
Gircuisting ofl pump is provided for a high velocity o11 circuit through 
the crankease and heat exchanger. This provides close and homogensus 
temperature control of the lubricating of]. An additional ofl pressure 
pump ie installed: for bearing and cylinder lubrication. O11 and water 
Circuits ere fitted with directereading thermometers. A thermocouple is 
inetalled at the main bearing surface in each engine. A diagrammatic eketch 


of the equipment and arrangement may be found in Appendix "A", 
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Sach engine wee motored in three different conditions of assembly, 
as deseribed below and chown by sketeh in Appendix "B". 
Gondition "A": Engine completely sesewbled, Friction elements are two 


main bearings, crank journal, pieton end rings, timing geer drive yoke 


bushing, main of] seal, timing geare and bushings, cameahalt bearings» 
eam followers and valves, Yo inlet and exhaust pipes were fitted, nor 
was the ignition equipment, 

on "B's Crankshaft, cylinder, piston and connecting rod inetalled. 
No cylinder head, camshaft gear or valve pushrode, Frietion slomente are 
an in Qondition "a® without idler geer and velve trein. 
Sondition “o":s Grenkshsft and idler gosr installed. No cylinder, piston, 
sonnesting rod or camehaft gear, Friction elexents sre two main bearings, 
timing gear drive yoke bushing, timing pinion, idler gear and the wain 
oi] sesi, On these runs on olumimm sleeve was placed over the crank 
jourral to prevent lees of oi] pressure. 

in each condition the engines were operated over a apeed range from 
sero to 1680 feet per minute piston speed, O11 temperatures were held 
constant at 150° F,, cireulating water inlet a+ 130° fay circulating 
water flow rate as held constant at one value of flow per unit area, 
in collection of all deta sufficient time wae allowed for equilibrium 
conditions to prevail. A series cf readings were observed 2% each run 
to show systematically that conditions were substantially constant. 

In previous work on the engines, no attempt had been made to measure 
or regulate the: jacket water flow rete. Yor this investigation A,Sel Fe 
square edged stendard oriMoces were inserted into the water circulation 
veiw and selibrated, ‘The first work conducted on the 2)" engine then 


consisted of a series of rune to determine whet affect, if any, variation 
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in coolant flow rate would have on engine friction results. On all 
subsequent runo a water flow of 2024! /sec o/ite” wae arbitrarily used, 

In concluding the firet series of high speed runs on the 29” engine 
in *B" condition, o sudden change in friction and bearing temperature 
measuresents indicated the poseibility of a bearing derangement. The 
engine wae disvantled and flaiting off of the babbitt in the outer unin 
bearing wes discovered. Yrevious difficulty had been experienced with 
these bearings in that the very thin babbitt layer (.0035") had not been 
fully bonded to the backing meterial. overs] attempts at manufacture of 
new bearings also resulted in poor babbitt bond, so both main bearings on 
this engine were chenged using solid phospher bronze as the bearing material, 
Investigetion of bearing clearances 2% this time showed thet the connecting 
rod bearing clearance was not as specified by similitude requirementa, To 
reetify this a bronze conrod bearing was installed with é@leeransé increased 
from ,001" to ,0023". Therefore when the 2" engine wae returned to 
service all three principle bearings had been changed to bronze with tne 
creased clearance in the connecting rod bearing. 

Sarly in the investigation, in vaing the magnetically-coupled type 
of dynamometer it was noticed thet the hydraulic torqueeseale sero reading 
varied appreciably deperding upon whether the sero wae set with the dymmoe 
meter motor rumming or with the entire machine shut down, fy diseconresting 
the dynamometer output shaft from the engine, it was determined thet some form 
of dreg existed in the magnetic coupling even with no excitation on. As a 
result 611 soale zeroes were set with the dynamometer coupletely off, A 
aweall possible error was elao detected as related to the cooling water flow 
through the dynamometer, Ineofar as cooling weter ia required for normal 


operetion, this valve wae left open when setting the scale zero. 
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At every opportunity moasurementa were taken of principal engine perte 
and recorded in Appendix =, The 2)" engine rings were found to heve con} 
siderably more relative epring tension than the other two engines and were 
subsequently modified to conform more closely with simllitaude requirenente, 

After sompleting a11 other experimental runs, the main of] seal wee 
removed frow the 2)" engine and the engine run in the "4° sondition te 


deteruine the magnitude of the friction contribution of this o1] seal, 
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The observations resulting from this investigation are conteined 
in the subsequent date sheets. The anooth data is plotted in Figures 
1 to 8 Fige 1 shows the resulte obtained on the 2)" engine with 
eyetenatically varied ceoling water flow rates, All other mechanieoal 
mep ourves are for constant cooling water rate, and constant inlet oil 
and water temperstures, For purposes of easy comparison these data 
were plotted first for each engine in three different conditions of 


assembly, and again for each condition of sasembly for the three different 


engines. 
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This dnetbigr ites involved the first attempt to correlate the rete 
of cooling water flow between the three engines, After calibrating flow 
orificos, it was intended that each engine be run with equal flow per unit 
ATG. ‘At the stert of the work on the 23” onion it became a metter of 
interest to determine any possible variation in frietion as a function of 
coolant flew. Therefore runs wore wede at five different flow rates and 
the reeulte plotted in figs le This curve shows. no signifleant variation 
in mechanical mean effeative preseure that can be attributed to Plow rate 
alone, 411 ether friction runs were then run 4% constant coolant flow rate 
per unit ares. 

Pige 2 shows the results obtained on the 24" engine. The results that 
were obteined in the "8" Qoendition both before and after dlemantling the 
engine for new bearings are plotted in Pige 9. Me significant change in 
friction eceurred after chenging both min and o@nroed bearings from babbitt 
to bronze, increasing the sonred clearance and reduoing the relative ring 
terpion by wore then one-half, ‘The curves of Fige 3 in the “A” Condition 
both with end without the of] seal show thet this seal contributes a large 
proportion of the total friction particularly at low speeds where the seal 
probably opereted lergely in the boundery region of fluid friction, The 
complete engine or *A" Condition curve is significantly lower than thet 
obtained by Gaboury et a1, but it must be emphasiged that in this ine 
vestigation the angines were run without inlet and exhaust surge tenke or 
piping, so thet the pumping sontribution of Gaboury's curve cannot be 
compared on an identical basig. 

_ *Pagure 3 4a the result for the 4" engine. On this machine the *4" 
Gondition curve is somewhet cleser to Gaboury et 21 than on the 2g" engine. 
Figure 4 is the plotted deta for the 6" engine, The trends are couparable 


to the 4" mechine. 
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Figure 5 ia the result for the three engines in the "A" or complete ene 
gine condition, These curves show definitely thet within the renge of ex= 
perimentel error the motoring PMEP is the same for al] engines, 

Meure 6 is tho same for the “3° gondition, and aleo shows thet mechanice 
_ @l mean effective preseure for the three engines is the same within the 
limits of oxporimentel socuracy. 

Figure 7 te the "9" or bazeorankshoft oondition of operations These 
curves show a somewhat greater spread then conditions "B* and "A", 

Pigure 8 compares the friction developed in the 2)" engine with and 
without the main ol] seal, The friction contribution of this seal ie large, 
particularly at low speed where the seal may operate largely in the boundary 
roalm of fluid friction, It is manifestly difficult to design and obtain 
this typ of see] on any besis that would guorantes geometric similitude, 
Ameng the varianta would be rubber hardness, srea of contest, the change of 
rubber properties with time and of course surface characteristics ef the 
sheft, “ote that the maximum friction contribution a“ the eeal’ in the 
2%" engine ts approximately one-half the total for the "0" or bhare-oranke 
shaft condition, It was also noted that in running without the oli sea] the | 
equilibrium temperatures of the main bearing were considerably lower than in 
the comparable condition with seals instelled, A correction for oll viseosity 
might then magnify the difference between thesa two curves. 

It wae considered by the euthers throughout the experimental work that 
the accuracy of reading the hpdraulie seale wae about .7/ MEP (.2° mercury 
soale reading) varying slightly between engines. 

A possible cause of disagreenont with aimilar engine theory lies in the 
inherent difficulty ef satisfying the requirement thatMy be the oame in all 
engines (See Appandix "B"). Assuming thet the viecsosity-temperature character= 


latices of the three lubricating oile used would be similar, it is not likely 
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The conclusions arising from the data of thie investigation 

are ae follows: 

le The theory, which predicts thet the PMEP and werP ef 
eimilar engines operating at the same piston speed will 
be the sam, is @ valid one, for engines under motoring 
conditions» 

2. The use of a contact type of} seal may inmtreduee large 
friction forces and is e component of ureertain behaviour 
in experimental engines of this type. 

30 The effect of oooling water velooity om MMEP ie negligibly 


gual) for motoring sonditions. 


15.6 


in view of the strong diversity between the motoring FMEF obtained 
by Gaboury et al end the “4° condition results of this investigation, it 
ie recommended that wore firing date be collieted on the 24" engine to 
(1) check previous dete or (2) deternine if the changes made on the engine 
during thie investigation will have any effect upon PMEP firings 

The rubber contact type o11 seale in ¢11 three engines should be 
repleced by a non-contect o1] seal, If thie is undertaken enother series 
of motoring date should be celleeted to compare with the results of this 
thesis. 
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ABLE 
2¢" 6.8. ENGINE 
A-CONDITION- COMPLETE ENGINE 
T, = 160°F Ty =!50°F 


268 APRIL 195! 


’ FINAL | 
RUN RPM § d d h' h T Ts Ta | es Te | tm | Te’ | Te MEP meP 
A-! 480 240 -3.9 6.1 6.1 4.9 178 178 1486 146 120 12t 176 180 17.6 
-3.9 é.! 5.3 4.7 18° 180 160 149 le | 122 178 180 16.87 
-3.9 é.| 6.3 4.7 180 180 1s 1 151 127 «6128 178 160 16.87 16.87 
A-2 960 480 -3.9 6.) 4.7 5.3 160 180 150 150 140 141 176 178 19,00. 
-3.9 6.| 4.7 5.3 180 igo 150 150 141 142 177 179 19.00 19.00 
A-3 1440 720 -3.9 €.! 4.2 5.8 180 180 160 KX: 164 iss ie! 183 = =—220,. 80 
-3.9 6.1 4.2 5.8 1860 180 ist isl 154 155 16! 163 20,80 20.80 
A-4 1920 960 -3,9 €.! 3.9 6.2 17 176 149 148 164 165 182 184 22.20 
-3.39 é.| 3.8 6.2 iso 18° 150 150 164 165 183 1e5 22.20 
-3.9 «.l 3.8 6.2 180 100 160 150 164 165 183 185 22.20 22.20 
A-5 2400 1200 -3.9 c.| 3.2 6.8 180 190 $2 is2 175 177 186 188 24.40 
-3.9 6.1 3.3 6.7 180 rT Fe) 150 is! i775 77 186 188 24.00 
-3.9 é,l 3.3 6.7 180 1990 150 150 175 177 18¢€ 188 24.00 249.00 
A-6 2880 1440 -3.9 <. 1 2.9 7.3 161 16] 150 isl 163 1Ias 167 189 26.20 
-3.9 él 2.7 7.3 180 1s! is) 153 164 186 187 189 26.20 
-3.9 6.1 2.7 7.3 1786 1860 150 is3 184 186 186 188 26.20 26.20 
A-7' 3400 1700 -3.9 6.1 1.8 8.2 180 180 153 154 192 194 188 180 29.40 
-3.9 6.1 1.8 8.2 1go 181 isi 154 193 #195 1869 19! 269,40 
-3.9 é.l 19 6.1 18] 192 150 163 193 195 190 192 29,10 
-7.9 é.| 1.9 8.! 18l 162 x) 62 193.5 [96 190 192 29.16 29,10 
NOTE: A-7’' MAXIMUM SPEED RUN d' scaLeE ZERO AT ~10.0 h' SCALE zERO AT 10.0 
SAMPLE CALCULATION 
25" G.S. ENGINE RUN A-! 28 APRIL 1951 


Rx bh MEP 
359 * 49 = I76 PS.. 


h= SCALE READING 
R= DYNAMOMETER SCALE CONSTANT 


DYNAMOMETER SCALE CONSTANTS 


ENGINE R 
2+" 3.59 
4" 3.28 


6” 3.89 


TABLE IZ 
24" 6.5. ENGINE 
A* CONDITION — COMPLETE ENGINE - SHAFT OIL SEAL REMOVED 


T= 180°F Ta=I15SOF 
1MAY 1951 
’ F FINAL 
RON RPM s d d bh! h TT TT. Te al; T» -T7 MEP mMEP 
a*-4 1920 960 -3.9 6.11 4.4 £.6 164 164 152 itso 144 145 20,10 
-3,.9 <«€.! 4.5 6.5 ies 19S 1s2 1s! 146 147 19.75 
-3.9 é.f 4.5 5.5 1s3 1638) «61s2 Iso 146 147 1975 19.75 
AX € 2880 1440 -3.9 <i 3.2 6.8 1BO Mh <-) j52 sz 162 163 24,40 
-3.9 ¢.\ 3.2 6.8 178 178 143 147 166 166 24.40 
=3.9 | 6, ! Sa | 68 1g0 ITO }8=— 16S) OID EK EF 24 AO 24,40 
AW"-4 1920 960 -3.9 é. | 4.5 5.5 178 178 is2 152 iss 154 19.75 cHECK 
A*-2 960 480 -3,9 é. | 5.7 4.3 180 180 162 149 139 140 15.45 
-3.9 «. | 6.7 4.3 Iso {go is2 149 139 1940 15.45 15.457 


d’' SscaLt—e ZERO AT -10.0 
h’ SCALE 2zERO AT 10.0 


TABLE 
2i" G.S. ENGINE 
B' CONDITION ~— CRANKSHAFT, ROD AND PISTON-BEFORE ALTERATION 


T= 180°F Ta = 1 50°F 
31 JANUARY 195) TREC 
| 
oom | RPM) 8 a" | 4 a a A 
B-IS 480 240 -3.9 €. 1 7.45 265 I80 is2. 1sO0 6148) 20«06130.5 131.5 179 imi 1 | 
-3.9 re | 7.40 2.60 180 12 160 148 130.5 131.6 179 1s! 9.34 
-3.9 ec. 750 2.50 180 sz 150 148 130.5 i31.5 179 isi 8.96 
-3,9 é.i 7.40 2.60 I80 182 150.5 (48.5 1306 1315 179.5 ie 9.34 9.20 
B-ii 40 240 6 6-9.3 0.7 7.46 26s 1s) 14 150 14% 130.5 31.6 179.6 681 9.15 
- 9.3 0.7 740 260 {80 1892.5 160 148 131 132 17%.0 180 9.34 
-as 0.7 750 2.50 |80 [84 150 149 130.5 13.5 1790 IF! 8.96 
“225 075 7.45 2.55 180 iss. I50 148 130.5 131.5 179.0 itl 9.15 9.15 | 
B-2'| 9€0 480 -9.25 075 645 3.55 180.5 184 1st 149 145 146 132.5 185 12.75 
“9.25 0.7 6.35 365 180.0 {#3 iso 143 144 146 iz{ 133 13.10 
-~3.25 06.75 6.40 3.60 1830.5 134 149.5 148 144.5 146.5 182 1x4 12.92 
-9.25 075 640 3.60 {70.0 183 150 148.5 144. 145 hk a 13 12.92 12.92 
B-23 969 430 -3.85 6./5 639 32.70 isi is2 51 150 143 144 1s2 184 13.29 
-3.90 €.10 6.30 3790 Ig0 1t2 150.5 )50 143 144 ist hk f-) 13.29 
-S.74 | 6268 |¢.30604 3.70 | 178 179.5 160 149 143 14¢ 179 is! 13.29 
-3.75 625 €.30 3.70 178 179 150 148.5 143 144 178 Iso) 0 13.29 13.29 
B-25 960 480 ¢12.5 22.6 €.30 3.79 1€0 is2 149 147 143 144 is! iszs 13.29 
+12.4 22.4 630 3.70 150.5 182 150 148 143 144 a 1s3 13.29 13.29 
B-55 2400 1200 +17.6 22,6 4.95 6.05 179 | %o is/ 150 177 179 1s3 Ize 1g.13 
12.6 22.6 4,95 §05 180 16} is | 149.5 178 #180 iss 186 18.13 je. 13 
B-53 240¢ 1200 -3,9 «./ $10 4,99 161 183 = 150 149.5 179 (8) 1isC 0 ISHS O1760 
-3.9 é./ $.190 4.90 I81 Iss 1s | 160 IO Iis2z 7 139.6 1760 1760 
B-5/ 240° 1200 -9,2 0.8 5./5§ #85 180 18s 150 144%.5 j£o Iisz ise 191 17.4 | 
=-9.2z °.8 5./§ 4.85 I80 iss 148 14% 1z0 182 17 12.5 1741 17.41 


13 FEBRUARY I9S1 


Ble | 40 | 240 «6(412:0 220 74 2.6 12 iss 6152 )0« 10 129 +%I['30 179 180 
+12,.0 22.0 74 2.6 ro) 132 152 190 ae 128° | £78 | 7s 
+12,0 745 2.55 1%0 ist is] 150 128 129 it7 | 176 922 
+1Z.0 22 7.45 2.55 179 1gO 6 150—s«*1499 ize . 29 | 76 \-177 | Sze azz 

4 FEBRUARY 195! 

B-35 1440 720 +12. 22.5 6.90 4.10 82 184 150 148 153 154 IF3 185 1470 
+12,.5 22.5 $99 4.10 1to 1e2 152 1850 154 165 Isz 164 54,70 
fizae | 22.5 | 5.90 > 4.10 | 190, 1€1 ist 149 194.5 155 i! 183 14.70 14.70 


d' Scale ZERO AT -10.0 
h’ SCALE ZERO AT 10.0 


RUN 
B-33 


NOTE: 


1920 960 


1920 93€0 


3000 1500 


-3.8 
-3.8 


12.6 


d’ scALe& ZERO AT 
h' SCALE zenro aT 


©,4 
6.4 
0.7 
0.7 
°.3 
ag 
S. 
Cc. 
22. 
-10.0 
10.0 


IN RUN DESIGNATOR 


hb’ h 
5. 90 4,10 
$.90 4,10 
6.90 4:10 
$.90 4,10 
5.40 4, ({e) 
$.45 4.65 
5.49 4.60 
5.40 4.60 

4,30 §.70 


LETTER INDICATES 


TABLE II (conTINUED) 


14 FEBRUARY 195/ 
“TT, Tz T4 Te 
180 1g0 Is0 148 
1sO sf E-Xe) 148 
kX) 1s2 16° 48 
186 ist 160 149 

(9 FEBRUARY 1/951 
178 1ssS 150 147 
1so 133 ISO 145 
178 17s 159° 148 
180 isl 150 149s 
Ito ig! 15O 150 


FIRST NUMBER INDICATES SPEED 
SECOND NUMBER INDICATES COOLING WATER FLOW 


0.05 src 

0.10 *hzeEc. 
0.15 */Ec. 
0.20 */sECc. 
0.30 */stc. 


Tr’ 


Is ¢€ 
Ise 


1s¢ 
ISsé 


165 
165 


166.5 
165.6 


1990 


CONDITION oF ASSEMBLY 


Te Te 
is | 1@3 
ITZ 164 
ez 164 
1290,5 183 
{go 1382 
130 182 
173 el 
1FoO 1@2 
is¢ 166 
RATE AS: 


ME P 


14.70 
14.70 


14.70 
14.70 


16.50 
16.50 


1€.590 
16.50 


29.4¢ 


PINAL 
MEP 


14.76 


14,70 


16.50 


1¢. 50 
20,46 


TABLE IV 
2i" G. S. ENGINE 


B CONDITION— CRANKSHAFT, ROD , AND PISTON -AFTER ALTERATION 


T1=180°F “Ta 15 0°F 
27 APRIL 1951 , | 
) ’ FINAL 
eee a lm i | | et | el et | ie ee | 
B-| 480 240 -3.9 6.| 6.9 3.1 180 180 149 147 114 u5 (196 177 | 80 | 
~3.9 6.1 7.25| 2.75| 180 180 150 149 123 '24 176 178 9.86 
-3.9 «.l 730 2.70 162. 162 ex) 148 125 126 179 el 9.70 
-3.9 6. | 7.40 2.60 181 af 150 146 127 06128 179 iF - 9.35 
-3.9 6. / 7.40 2.60 180 180 150 1486 127 126 178 19° 9.35 | 
-3.9 6.1 7.40 2.60 160 160 150 148 127 126 178 lao 9.35 9,35 
B-2 960 480 -3.9 6.1 635 3.65 180 180 x.) 149 144 145 I77 179 13,10 
-3,9 6.1 6.35 3.65 180 180 151 149 145 146 (77 179 13.10 
-3.9 6.1 6.60 3.40 180 180 150 149 145 146 177 179 12.20 
-3.9 6.1 6.60 3.40 160 180 150 149 14¢ 145 177 179 12.20 
-3.9 6.1 6.45 3.55 180 180 160 149 146 147 177 179 12.72 12.72 
B-3 1440 720 -3.9 é6.! 5.80 4.20 180 160 16° 149 157 158 i79 161 15.08 
-2.9 éil 5.70 4.30 180 18° 160 149 156 159 178 180 15.42 
-3.9 6.1 §.75 4.26 180 160 150 149 159 160 178 160 15.25 
-3.9 6.1 5.80 4.20 lao 180 150 149 169 [60 178 180 15.08 15.08 
B-4 1820 98960 -39 6.1 5.30 4.70 179 179 150 150 173. «I75 180 182 816.68 
-3.9 é.| 5.20 4.80 180 180 150 150 175 Lee 180 162 17.20 
-3.9 6.1 6.30 4.70 19° 160 160 1$0 1675 170 18! 183 16.86 
-3.9 | 5.40 4.60 180 180 1§0 150 168 170 18 | 183 16.50 16.50 
B-5 2400 1200 -3,9 6.1 5.10 4.90 161 180 150 150 183 185 1e3 165 17%260 
-3,9 €.t 6.40 4.€0 1680 180 149 146 176 178 is3 185 16,50 
-3.9 6.1 5.40 4.60 180 18° 150 156° 72 174 igo ig2 16.50 
-3.9 é.l 5.40 4.60 180 [a0 150 Iso 174 17¢ 180 182 16,50 16,50 
B-6 2880 1440 -3.9 § 6.1! 6.20 460 178 178 is! ist 1e0 162 ie2 164 i728 
-3.9 é. | §20 4.80 179 179 150 150 161 183 ‘es 165 wee i722 
B-7' 3000 1500 -3,9 «1 5.10 4.90 180 180 150 150 184 196 618965 169 17.60 
-3.9 6.1 5.10 4,90 180 180 150 150 164 186 186 168 1760 17.60 


NOTE: B-7' MAXIMUM SPEED RUN 


d' SCALE ZERO AT -10.0 
hi scALe ZERO aT 10.0 


—_ 


TABLE WZ 


2i° G.S. ENGINE 
C CONDITION- CRANKSHAFT AND IDLER 
T= (80°F =] = 1 50°F 


21 APRIL 1961 


FINAL 

RUN RPM § h! h Ta Té T,' TT) MEP meEP 
c-2 960 480 7,0 3.0 154 150 W6¢ 117 10.77 

rAVtS 2.9 148 146 132 133 10.40 

7. 1 2.9 150 149 133 134 10.40 10.40 
c™ 5 2400 1200 6.4 3.¢ 1s! 1sO0)0 fo 1620=— 163s 42,90 

6.5 3.5 1s) 150 2X3 lé7 2.57 

6.6 3.4 isl 150 16 169 12.20 

6.6 3.4 isl 150 «fs 169 12.20 12.20 
NeTE: IN C*® CONDITION IDLER WAS REMOVED 
C-2 960 480 6.85 3.15 (50 149 137 136 30 

6.85 3.15 150 149 137 138 1. 3O 

€.85 715 15° 150 137 136 Wyo W3zo 
c-3 1440 7290 6.€0 3,40 151 149 147 142 12.20 

<.60 3.40 150 149 148 149 12.20 

€.60 7,40 150 149 149 150 12.20 12.20 
c-4 1920 960 €.40 3.60 [50 149 <2 1¢3 12.90 

6.40 3.60 146 - 146 162 1é3 12.90 

6.40 3.60 148 146 164 1(¢€6 12,90 

€.40 3.60 150 149 164 166 12.90 12,90 
C-5 2400 1200 6.10 3,90 15° 148 I7é 178 14.30 

€.20 3.80 159 149 Ive 178 13.60 

6.20 %.80 150 149 176 178 13.60 13.69 
C-6 26f0 1440 6.00 4,00 150 $50 ies 167 14.35 

€.10 4,00 1§0 160 1385S 167 14.00 

6.10 3.90 1§0 150 a5 187 14.00 14.00 
c-7' 3120 15€0 €¢.00 40° 150 149 190 192 14.35 

6.00 4.00 150 150 190 192 14%.3S 

6.00 4.00 150 ee) gO 192 194.35 14.35 

23 APRIL /195/ 

c- / 480 2490 7.590 2.59 js3 150 Wg 114 8.97 - 

7.60 2.40 15! ie) u5.5 7 8.61 

7.€9 2,40 150 148 th 3 19 v.cl 

7.65 2.35 150 148 13.5 120 3.44 


765 8 =6—62..35 1$O0 | (11486 ~—si191.0— 12 © S.44¢ 8.44 


NOTE: C-7 MAXIMUM SPEED RUN h’ SCALE ZERO AT 10.0 


TABLE WZ 


4" 6.6. ENGINE 
A CONDITION = COMPLETE ENGINE 


Tin 1\80°F %4 = (50°F 
| 13 may es] 
’ 1 FINAL 
RON RPM s d d h by TT Ta 4 Te T> nmEP MEP 
A-3 900 720 -2.0 re) 3.8 6.2 179 17 1482 149 14 20,4 
-2,0 €.0 4.0 6.0 178 i7% iso 149 168 19.7 
-2.0 6.0 4.0 6.0 179 178 146 146 i¢8.5 19.7 
-2,0 €.0 4.1 6.9 1%0 ik fo) 150 160 Ise 1893S 19.35 
A-4 1200 9€0 -2,0 6.0 23 6.8 i X-) 180 1go {50 171 22.3. 
-2,0 6.0 | 3.2 ce 1S! el 161 1§ 0 72 |22.3 
-2.0 6.0 3.3 G7 ie! iv\ 16o 1sO 173 22.0 
-2.0 6.0 B.¢ “é.4 igo Ito 14 0 ISO 173 21,0 
-2.0 €.90 3.¢ 6.6 i g2) Ito 1So 150 1730 2.6 «=O 
A-5S 1500 }200 -2.0 ¢.0 2 7.3 (so 1go 159 8150 1e8 23.905 
-2.0 re) 2.5 72 Iwo 1wO {52 12 18.6 23.6 
-2.0 ¢.0 z.¢ AZ 180 zo 150 10 18S 236 23.60 
A-¢ 1800 1440 -2.0 6° 2.0 £0 180 180 j5! 16) 2zo2z 2625 
—2.0 6.0 2.0 Z.0 ke £2) ISO 150 1§O zow 2626 2626 
A-7 21°O [1680 -2,0 €.° 1.0 9.0 rk x) 1so 164 154 208 295 
-2.0 ' 60 Ls 5 1go 180 1S 154 210 27.9 
-2.0 6.0 Ls v.5 180 Iso 16 164 210 27.9 
-2.0 6.0 LS vo 1Zo 180 154 19 4 210.6 27.9 27,90 
A-2 €00 480 -2.0 a) 4.5 a 17z I7v 149 148 163 18.0 
-2.0 6.9 4.5 65 1zo Th-{2) 150 156O is3 1T.0 
-2.0 6.0 4.5 5.5 isl is) 160 1s0 1638.5 1.0 18.00 
A- | 3009 6240 -2.0 6.0 5.6 4.4 ist <i x) go 143.0 14.4 
-2.0 , 6.0 5.6 4,4 ik a] isi 150 1$0 143.0 ° 14.4 14.40 


d’ ScALE ZERO AT -8.0 
h’ SCALE ZERO AT 10.0 


TABLE yr 

4° 6.8. ENGINE 
B CONDITION —CRANKSHAFT,ROD,AND P)STON 
T= 160°F TGj=150°F 


28 MARCH 1951 
FINAL 


RUN RPM s5 d' d- h’ h "T, ge 3 we Ts MEP  mep 
B-4 [1200 960 -a.Ff §.5 4.0 6.9 173 173 149 148 174 19. 7 

-2.5 4.5 4.3 eg 178 178 | is ( 178 18.7 

-2.5 5.5 4.5 5.5 179 1.79 146 147 176 18,0 

-2.5 5.5 4.7 6.3 18° 1@°o 154 154 176.5 17.4 

-2.5 5.5 5.9 5.9 ead 1(@2 }50 iso I7Z5 16.4 

-2.5 5.5 5,0 $5.90 162 1@2 1¢o 150 178.5 1¢.4 

-2.5 5.5 $.0 5.0 161 rel Ex) 150 178.5 16.4 164 
B-3 3900 720 =a5 5.5 §.6 4.4 179 179 16° 160 rx 3 14.45 

2.5 6.5 6.6 4.4 180 1@0 |1¢o 16o 166 14.45 14.45 
B-2 6090 480 2,5 5.5 6.2 3,8 180 180 150 160 1§7 12,48 

2.5 5.5 6. ! 3,9 180 160 148 1402 156.5 12,30 

-2.5 5.5 é.! 3,9 al sel 1$°0 16° 166.5 12.809 12,80 
B-| 300 249 -2.5 5.5 7.0 3,0 180 160 150 150 148 2.85 

-2.5 5.5 6.9 3.1 16f 180 150 149 147 10.20 

-2.6 $5 6.9 3,/ el 160 x) 1sO 146 10.20 10.2 
B-6 /[@00 [440 -25 gs 4.6 5.5 160 18o 16° 150 192 18.0 

-2.5 zs 4.2 5.8 180 1g° FX) 2) 197 19.1 

-2.5 505) 4.2 6.8 18°O {gO 15° 1sO 198 19, | 

-2.S5 5.5 4.2 5.8 180 190° 160 149 198 19.1 19,1 
B-5 1500 1200 -2.5 5.5 5.1 4.9 1a0 180 167 156 192.5 16.1 

-2.5 5S 5.0 5.0 la | io | 150 150 189 16.4 

“2.5 5.5 4.9 5.1 16! 161 160 150 190 16.72 

-2.5 5.5 4.9 5.1 161 tel 150 150 190 16.72 16.72 

d’ scaLe ZERO AT -8.0 
h’' scaLE& ZERO AT 10,0 


TABLE piseng 
4" 6.8. ENGINE 

C CONDITION - CRANKSHAFT AWD IDLER 
i60°F %= 15 0°F 


2 2maRcH 1951 
FINAL 
RUN RPM s bh! he ‘Te Te Ts MEP MEP 


c-4 1200 969 716 2.85 i152 149 1¢9 9.35 
7.15 2.85 152 150 139 9.35 
7.18 2.85 150° 149 169 9.35 9.35 


C-5 [500 !1200 70° 30° |50 148 17s 9.85 
695 3.05 i151 1§0 I7F = 10,00 
7.00 3.00 150 149 179 X35 9.85 
C-€ 18900 1440 700 3.00 152 1S2z 18 9.85 
7900 B00 152 1is2 19 | 38s 
7.00 3.900 150 150 191 9.%5 9.56 


-C-1 300 240 BIS 1.85 150 146 I3z 6,0€ 
F.I5 (85 160 146 932 6.606 €606 


c-2 €00 6480 7.40 2.69 150 14¢ az 8.54 
74S 02.60 152 145 142 &. SA 


7.49 2.60 152 146 = 142 B64 8.54 
€-3 900 720 Z!1I9 2.99 \50 1+¢ 1S¢ 9,52 
722° «862.80 iso 146 155 60 9320 


3.20 2.80 !1s0 14¢ 1565.5 9.20 9.52 


C-7 2100 680 6.85 3.55 148 148 200.5 10,32 
6.75 3/15 150 148 200.5 10,32 
6.95 3.15 150 ISO —- 200.5 108% 1032 


3 MarcH 10S! 
c-5 1500 1200 7,0° 


9 
7.90 3.00 15O 149 176.5 9.8 
7.05 295 1§0 149 176.5 9.70 9%8S cnecKws 
1 
C-7 210060 1€F0 7,00 3.00 , |50 149 198 9.55 
7,00 3.00 t-) 149 193 9.85 9,85 cvrrcKs 


h’ scaLr—E 2ERO AT 10.0 


TABLE IX 
6 “ 6.6. ENGINE 
A CONDITION —- COMPLETE ENGINE 


T= 180°F 4 =150°F 
20 APRIL IDS] 
FINAL 
RUN RPM Ss d h! ib T | ™ || Te | Te | Tr MEP | EP 
A-2 4060 480 €.3 6.10 4,90 161 et 149 Tx) SE 19.10 
6.3 §.20 4.30 Ig! ie 149 1s | isé 18.75 1675 
A-3' 700 840 6.3 4.69 £.40 180 180 150 1S3 172 2),00 
6.3 4.60 6.40 180 1860 150 162 173 21,00 
€.3 4.60 5. 40 1860 180 150 iS2 173 21.00 2).00 
A-5 1000 1200 6.3 4.00 ¢,00 180 180 149 150 192 23.40 
6.3 4.00 6.00 1e°o 160 149 1590 92 23.40 
6.3 4.00 6.00 180 180 149 160 193 23.40 23.40 
A-<' 1300 15€0 6.3 320 6.80 160 180 150 1st 207 26.60 
6.3 3.40 €6€0O 180 160 1$0 ist 210 25.70 
6.3 3.40 6.€0 180 180 159 isl ail 25.70 25.70 
A-7 1400 1680 ‘3 3.160 €.90 180 1@0 16l 1S 215 26.80 
6.3 3.00 7.00 iT Xe) 180 1$2 152 215 27.20 
é.3 3,10 ¢€.90 180 1860 154 154 215 26.89 26.80 
1 may 1951 
A- | 200 240 6.3 §.69 4.40 190 180 165 ss i2z¢ 17,10 
<3 $.60 4.40 162 1e2 FX) 150 126 1%10 
¢.3 $.<0 4,40 isl 1al 150 160 127 17.10 17.10 


NOTE: A-Z' ENGINE HUNTED AT 600 RPM 


A-«' ENGINE HUNTED AT I1200RPM 


h’ scaLz& ZERO aT 10.0 


TABLE =X 
6" GS ENGINE 
B CONDITION -CRANKSHAFT, ROD,AND PISTON 


T= 180°F 4 = 150°F 
6 APRIL {881 
’ FINAL 
RUN RPM s§ a h h Th Te T¢ Te TT? MEP me P 
B-3 600 720 6.3 €¢.50 3,50 160 180 150 1s2 178 13.6 
6.3 €.60 3,40 1g2 162 150 62 177 13.22 
6.3 6.50 3.50 !180 Ke) 150 162 177 I1B.6 
6.3 6.50 | 3,50 18o 180 149 15 | 162 I3.¢ 13,6 
B-4 800 69360 6.3 ¢.'15 3.65 176 178 148 148 187 15.0 
6.3 6.40 3,€0 182 le2 183 154 167 14.0 
6.3 6.40 3.60 162 1a@2 150 150 187 14.0 14.0 
B-5 !000 1200 6.2 6.190 3,909 160 180 150 1g0 198 15.18 
6.3 €,10 3.90 [160 180 160 16 | 198 16.18 
€.3 6.19 3.90 [80 180 1560 is2 1986 16,18 15,18 
B-6 !I200 1440 6.3 5.70 4.30 190 180 150 isl 208 16.7 
6.3 6.70 4,30 160 180 1§ 0 isl 206 16.7 16.7 
8-3 €00 720 6.3 6.60 3.20 175 176 1§ oO 153 180 12.45 
6.3 6.75 3.25 180 1go 1590 1563 178 12.68 12,66 
B-2 400 480 6.3 7,10 2.90 (890 180 149 a! 1686 1.3 
€.3 7,10 2.90 180 180 16! is2 1¢7 1.3 
6.3 7.10 2.90 180 160 1$0 16 i 1¢7 n.d 11.3 
B-/ 200 240 ¢.2 7.70 230 182 162 150 163 158 8.95 
€.3 7.60 2,40 182 182 15O 153 1562 9.32 
6.3 750 2.60 180 1eo 150 is2 16 ( 9.72 
6.3 7690 2.50 180 {go xe) 162 149 9.72 972 


h' scALE ZERO aT 10.0 


7 


TABLE XI 


6 G.S. ENGINE 
C CONDITION — CRANKSHAFT AND IDLER 


Tl =180°F %4=!50°F 
21 maRcH 1951 
FINAL 
RUN RPM s h! h Ta Te T? MEP MEP 
c-! 200 240 97.85 2.15 160 150 145 6.35 
7.85 2.15 162 ‘sz 146 6.35 
7.90 2.10 162 s2 146 6.16 
790 2,10 sf (62 146.5 - 8.16 
7.92 2.10 $62 151 147 B.I1¢ 8.16 


23 marcH 19651 


cC¢-2 400 470 7.50 2.50 150 1sO 159 3.72 
7.59 2.60 )50 1s oO 169 9.72 9.72 
c-3' 700 640 72° 270 Is! sf 72 10.90 
720 230 «6185 f 1é[ IFvZ 10,99 
72° 2.80 160 160 172 10.90 10.90 
c-4 800 9¢6€0 710 2.90 150 160 177 1.29 
7.10 2.90 160 150 177 1.29 
7.10 2.90 150 FX) 1775 1.29 w.29 
c-S§ 1000 1200 695 305 150 150 (@7 1.77 
6.95 30S 150 1g 0 187 uw.77) «77 
c-¢' 1300 1560 €65 3.35 i150 160 :' 201] 13,00 
6.65 38.35 150 150 201 13.00 13.00 


6.69 3.40 150 ' 150 206,5 13.20 13,20 


C-2 400 480 750 2.50 150 150 1695 972 cuecK 
c-1 zoo 240 7.90 2.19 iF X-) 150)— 1A S.C chHEcK 
NoTE: ¢-3' ENGINE HUNTED AT 600 RPM 

C-6' ENGINE HUNTED AT 1200 RPM 


bh’ scALE ZERO AT 10.0 


Ge Be ENGINES 


Acts a fielative Size 


Aotual bore 
Relative bore 
Stroke 
Dieplacement Vol. 


24500" 
1,000 
5,000" 

14,726 ine” 


Jennecting Red Length 5,406" 
Qrank radius 
Gone rod length 902779 


Platon epeed (0.5) (rpm) 


4,000" 
1.600, 
4,800* 
600318 ine” 
8.650" 


0.2775 
(0.8) (rpm) 


39. 


6.000" 
2.400 
72200" 
203.57 ine? 
12,974" 


062775 
(Le2)(rpm) ft/min. 


(ioqe)(850) (rs) (240) 
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"A" CONDITION OF ASSEMBLY 


“B’ CONDITION OF ASSEMBLY 


FIG. A-2 


"c" CONDITION OF ASSEMBLY 


FIG. A-3 
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45. 


APPENDIX "B® 
eS 


FRIOTION THEORY FOR GEOMETRIGALLY 


1.) Viscous Friotion 
Using Petroff's Derivation for thick film Lubrication: 


Ina Geometrically Similar Syetem 


D= Sonstant 
) 
& = Constant 
D 


| PHP apy 


PHP ~ FMEP VyN~ PEP 1” 3 
co | PMEPR |= " 
A ® the same piston apeod 


Peep ~ i= 


20) Goulomb Friction 
FMEP ~F {Load Pressure) 1791 ~ f (Loed Pressure) 
Va 


The friotion factor depende on surface finish and 
materials which should be the same in similar engines. Also 
in similar engines IMEP (or Lead Pressure) is the same at 
same piston speed, Therefore, for similar engines opereting 


at the same piston speed the Soulomb FMUF should be the same. 


et 
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pa ag et ‘ | 
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eStqmma sayy ay Gey 
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hes @ deta’ eoxtie ao abnogeh totes? aeifold? aft 
oelA otenigne telimie mi enae act od bivesde doldw aleliedan 
do omae odt ef (owesert baod to) FSMD eenigao telimie al 
gubtetege oenigaze raliute 12 ,eveteted? ,beeqa nodalq emae 
seman eth od: Rieede TU0t Geation ot besth embeds omaa ede ta 


APPS) 
RIQAN 


In order to meet the similitude requirexert that M/1 be the sane 
for Gedo Engines, the viscosity of the of] used in each engine was adq- 
jueted by blending SAK 20 and SAB 60 lubricants in the proper quantities. 


The oils used had the properties listed in the following robe? 


Viscoeity BeB. 


Engine 100°F 150°F, 210°r. Gravity 
ag" 349 16093 52.08 288 
4s 828 33940 76 02 289 
e 1665 627.0 114.61 0% 


] & Tag 


URSA FP 20 (Texace symbol) 
4 54% URGA P 60, 46% P 20 (By volume ) 
6" 954 URSA P60, 53 P20 * 


46. 


These oile are a straight mineral oil, wholly paraffin base, distilled, 


with no additives. The above samples give the same value of #/1 at 250°F, 


This temperature was adopted in Ref. 1 as an attempt te satisfy sirilitude 


requirements in all parte of the engine. 


2902S ta NAAte oulev omen oft ovis seiqnae eves ant .novssthba 
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aba.cev enigne done al hoew Lhe edt 0 wteovely eer z. 
wots Htieup weretg “wld alk firs soedst 0 Oe hein mateo 
(1) scant gaivoitor edt all bodehf reli: 
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47. 


APFENDIX * D* 


PER MEASUREM EN 


The water flows were measured by meane of ASME aquare edged 
orifices ineerted in the line between the engire outlet and the 
water expansion tanks. The flow was controlled by a throttie valve 
inserted om the discharge side of the water pumps. 

Bach orifice was calibrated and the results plotted in Tige. 
Del, De2, and D3. 

The flow rates agtually ured were: 

a ae st 
0015 /aea. 0.334 /eoc. 0,864" /eos, 


These flows were based on 0,024" /ooe./in” for all engines, 
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2 — 4h e 6" Remar 
Vain Searing (Urankside) 21195" 523898" 5.0850" New Bronze bearings 
Orankaha ft 241170" 5.3850" 5.0790" on 2" engine 
Glesrance 20025" 6.0048" 0.0060" 
e/Bore 9.0010: 04.0012 9.0010 
Main Bearing (flywheel) 2.1195" Kot 5,085" New bronze bearing 
observed 
Grankehs f% 221170" . 5.079 On 2)" engine 
Slansanee 0.0025° ’ 0.006" 
Glearance/Zore 0.0010 : 9.0010 
Gonked Bearing (Large 1.6291" 2614" 5.904" Hew bronze conrod 
Orankpin ica 1.6268" 22610" 3.899" + bearing on 25" 
Glearance 0.0023" 0.004" 0.005" engine 
e/Bore 9.000 0-001 0 2000835 - Pe 
Gemshaft Bearing (Gear Not hot 50375" 
end)  abserved observed 
Journal ‘ 5eD7h" 
Slearance a » 0,004" 


Qlearance/Zore 9.00066 rae 


Oamahaft Beering (Fly= ot observed ot observed 1,500" 
wheel end) 
it 


Journel 4 i 1.498" 


Slearance ” * . . 0,002" - 


Glearance/Bore 0.00053 


* Dete in thie column not observed by authors but supplied from records of 
Profs We Ae leary of Sloan Laboratory. 


** Laboratory records show thie dimension to be 3.8902" which would meke 
Gleareance/fore 9,00097 
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Yop Compression hing 930 Gms 2725 One 1555 Gee 
» 143 170.0 2720 
Lower Compression Ring 970 Gme 2700 Gms 5675 Gme 
?. ore* 147.0 63 153 
Oil Ring 1325 Gms 200 Gwe 7375 Gms 


Tension/tore* 215.9 85.0 216.0 


520 


eS eck 
eiitess asneth wor. "OO y @ TERE git 


oa ure Fae weg "ON | Det Orgs ott 


an "i: 


™ ° aR he aah 
me? mh, " ey rye e 40" a { #3 x 


Sa artery iam Naar pee 7) 


Steed ove wMOTRE "LO0ciemd OOYS feet 
Hop SS aly 
nine es cial ik » 


ea CTT "DOO gD ORs” 


Heol i Go.4 Zi ey ae 
Srtnes commer wel “PRE 16 1% 8 
Nie ne gatracd *°QGE.E Dol - 


me sititalk EG _ Ae 


NB vile me eB A celle 


“et Fuk Poot 
ery gee 


‘3 
hen PN AMA tO aT GET iaitcatens: Th il ANA ste espagnol ty 


"eet £ haw Geet (he rae Sovts wie apie AOR 
M,, foes fe varie ' 
iz: bus ‘ n - 


IIE. ARE A, ceneRTatytE eo ntti SESE Sh i te OM IRE ga 195) I Pan Err ir ee MU 8 LI RO aalenae  LOnRS vimm Fae ; 


ne | a 
%o efaouear ett bedfigot: Go erertee wt Serpe do eondice oh ag ej 
viet opotial wath Be quae of oh i 


esa tle atddw “WEE,) 6! of edema wont aod ehaeeen ynedbe 


TAS ona \enneee * 


53. 


BIBLIOGRAPH 


le We De Gaboury, O. FP. Meyer, Fe He Greenlee, Je We Salasai end Re Wiggins. 


“A Study of Friction and Detoration in Geometrically ; ingines." 


MIT Thesie 1950. 
2.. Be Breed and Jo Re Gowdrey, “A Study of the lawe of Similitude Using 
x Inch Ge 3. B." MIT Thesis 1949, 
3e be We Lobdeoll and Re %, Clark. “A Study of the Principle of Similitude 
Using the Your Inch Ge 3e Ee" HIT Thesis 1949. 
4, F. G. Mikel and . De MoSwiney. "A Study of the Laws of Similitude 
Using the 23" 9. S. 2." MIT Thesis 1949. 
Se Ge PF. Taylor = “The Effect of Size on the Design and Performance of 
nte Sombustion Engines.” AGE Peper 49eh-116 presented Nove 27= 
Dece 2, 1949 meeting. 


Ge Ge %. Taylor and &. 3. Taylor = * Engine." Revised 


Edition 1948, International Textbook Company. 
Te We Ae Leary and J. Ve. Jovellanos. "A Study of Piston ant Ning Pristion." 


WAGA ARR AJO6 (Unclassified). ~ Nove 1944, 


Exel Re ule a. heh SAE Ane es ™ 


a f ; { J 
"4, 7 - Bt ies Oe ' k ) , 2 
a eg is aye. rhs 
metre ee. Fisnurrirethinanasarerenveteinnieaban tea teettad al ala ote Ng RY NAA atl et PN fe 6B im a Sb So ln 2 ety ee ard 
, ‘ ‘ Le 
‘ i p ; ne 
: i 
r 


venta tf aie 8 i i es 


* men. Ais) RBise ointemoed of noltenotet tae me 
i 


Gal Ss Re he = 
ieee kinat erence tas lpia bi 8 clic’ sua ee es me toe a 


egteed?: ti4 ‘a pe Se 2S 


Shut ilinte 30 ewal eld 2o ybute A" eatin , of oft aa 3 rete 
eQHOL oinedT TIN "42 42 0 % 


“TS ,vot botmesotg SiferaQh seqet eA "een tate nottaudmod Len 
cua bioen QiQI oe 
* = qolye? 28 63 bas tolyeT « 


eyiaqaod soodsxoT Laroitantetn! .88@l sold 


* ,tonalfevot .V .% bas peyiee 


<< 


| JUL 16 RECAT 
| MR 2962 10436 


15597 


Thesis Aroner | 

ATS An investigation of friction 
in M.I.T. fourestroke geometric~ 
ally similar engines, 


friction in M.LT. f 


ih 


